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SUMMARY 



An adaptor is described which uses three Tuckerman 
optical strain gages to measure the displacement of the 
three vertices of an equilateral triangle along lines 120^ 
apart. These displacements are substituted in well-known 
equations in order to compute the magnitude and direction 
of the principal strains. Tests of the adaptor indicate 
that principal strains over a ^:age length of 1.42 inch may 
be measured with a systematic error not exceeding 4 percent 
and a mean observational error of the order of +0.000006. 
The maximum observed error in strain was of the order of- 
0.00008. The directions of principal strains for uni- 
directional stress were measured with the adaptor with an 
average error of the order of l*^ , 



INTRODUCTION 



The stress distr ibut ion ' in the plate elements of mono- 
coque structures under load differs from th-.t in the beam 
and tube elements of built-up structures of earlier types 
in being tv/o-dimensional in many cases, with principal" 
stresses of unknov/n direction as well as unknown magnitude. 

The principal stresses c^, have the same directions 

as the principal strains e^, e^ and. within the elastic 

range, they may be computed by the well-known equations . 
( r ef rence 1) ; 

(1) 

E 

^v - 2 (^v M'^u) 



2 
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where 

B Young's modulus 
10, Poisson^s rp.tio 



The liip.gnitude and direction of the principal strains 
^ given point may he calculated from strains 
measured along at least three lines intersecting at the 
point hy marking use of the fundamental equations of plane 
strain, For the particular case of three gage lines inter- 
secting at an angle of 120^ shown in figure 1, the eouations 
(reference 2) are 

1 

iff "P* 
Gu = 3 "I (sa+ ®h + ^c) + 2(ea - e>3) ^ -f 2(e^ - e^) ^ + 2(ee - e^)^' | 

\ {(^a+ ^c) - 



2(e^- e^)% 2(e^~ e^)^+ 2(e^- o^)^^ 



1 ^ T V 2 ( ^h " ^c ) 

e = ^ tan ^ 



(2) 



where 

^a» '^'b* ^c strains measured along the lines a, b, c 

0 angle between the principal retrain e-^ and 

the gage line a. 

The strains e^^, e-^, e^ may be measured in three different 
ways : 



1. By- a hand strain gage set succossibely into 
three pairs of gage holes along gage lines 
a. , b , c 

2. By mounting a strain gage along line a, measuring 
the difference in strain between the initial load 
and the desired load, moving the gage to line b, 
repeating the loading cycle, moving the gage to 
line c, and repeating the loading cycle again, 

3. By devices designed to measure strains along three 
or more intersecting lines simultaneously 
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Method 1 requires the 'drilling of gage holes in the 
structure and is, therefore, ruled out for thin sheet 
materi'^1 such as used in aircraft. It also involves loss 
in accuracy due to frequent resetting of the gage. Method 
2 has the inconvenience of requiring at least three repe- 
titions of the loading cycle. Method 3 has been adapted 
hy at least two investigators, as follows: 

Klemperer, (reference 3), developed a "tensor gage,", 
which is, in principle, a device for measuring strain along 
three gage lines, intersecting at 120°, by the displacement 
of three gage points v;hich form the vertices of an equilat- 
eral triangle having a base length of about 1 inch. The 
three gage points are constrained to move in the direction 
of three radii forming a 120° star, 

Ruge and de Forest (reference 4) have connected four 
wire strain gages into a strain rosette with four gage lines 
of 5/4-inch gage length making angles of 45^ with each other. 

ITeither one of the. above devices makes use of existing 
strain-gage equipment. It seemed desirable, therefore, to. 
develop a relatively rugged adaptor which would permit the 
use of existing strain gages of proven accuracy, on a 120° 
rosette such as that adopted by Klemperer. The Bureau of 
Aeronautics, Navy Department, accordingly authorized this 
Bureau to conduct an investigation along these lines. This 
report describes the adaptor for measuring principal strains 
v;ith Tuckerman optical strain gages (reference 5) v/hich 
resulted from this investigation. 



DESCRIPTION OF ADAPTOR 
Principle 

The adaptor provides a means of measuring displacements 
a, p , Y, of three points A, B, C, figure 2, along three 
lines 'rg^, r-^ , , 120^ apart relative to a given center 0^. 
The average strain e^^ in the direction r^^ is then, re- 
lated to the displacements a, 3, Vt by 

a + (B+V)/4 2 / P+Y \ 

e = : — ^ = — a + 

^ 5r/2 orV 4 / 



(3) 



4 
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The strains e-b, follow by cyclic rotation of a, p, Y: 

2 / a+Y^ 2 f 3+a^ 

The gage length' of the adaptor is taken as the distance or/2 
"betv/een a point, and the line connectin^^ the. other two points, 
por the particular adaptor described herein 3r/2 = 1.42 inche 

DETAILS 0? CONSTRUCTION 



The asserahled adaptor with three 1-inch Tuckerman 
strain gages for mea.suring displacements is shov/n on a 
tensile specimen in figure 3. A bottom view of the adaptor 
is shown in figure 4. Dimensions of parts are given in fig- 
ures 5 to 8. 

The adaptor consists of a triangular platform, part 1, 
on which the knife edges of the three Tuckerman strain gages 
r^re mounted at 120^ intervals, and three parallel motion 
transfers, part 7, making contact v/ith the specimen on their 
"bottom, f aces through ga.ge points, part 9, and carrying the 
lozenges of the Tuckerman gages on their top face. The par- 
allel motion transfers constrain the points A, B, and C 
(fig. 2) to move along the lines r^, r-^, and r^. 



ASSEMBLY 



A satisfactory procedure for assembling the instrument 
is as follows. Screw guard rods, part 8 (fig. 5), into base, 
part 1. Screw rods, part 13, into base and thread on parts 
2, 5, 3, 5, and 12 as shov/n. Put on screw cap, part 6, 
loosely. Through the holes in the ends of the flexure plates 
(parts 5). assemble parts 4, 7, and 10 on the rod 14 as shown, 
tightning up first the inner end 4 at part 4. Put on screw 
cap, part 6, loosely. By rotating part 10 on rod 14 and the 
whole of the central unit on rod 13 fit part 10 over guard 
rod 8 as shown with shoe on part 7 on the same side as con- 
ical hole in part 1. Place this assembly on a block with 
the shoe of part 7 and the conical hole of part 1 up. Evenly 
tighten the screw caps on 13 and 14, keeping all of the parts 
except 8 flat on the block. As the tightening progresses, 
apply sufficient force to hold these parts flat. Attach the 
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points, part 9, "by screwing them into the number 4-48 holes 
in parts 7, Slip center tuhe , part 11, through center hole 
in gage clamp, part 15, shown in figure 7, and press into 
center hole in part 1. Press in tube until it is flush 
with inner edge of conical hole. Put hold-down screv/s, 
part 16, in place and mount 1-inch Tuckerman optical strain 
gages as shown in the photograph, figure 5, The knife ed-^es 
used are the uniform strain type (min, rad = 2.25 in,)» 
Very little force is required to hold the gcfiges dov;n since 
the force is applied near the knife edge and since the 
knife edges act on a dura,lumin surface. 



CALIBRATION 



The adaptor was calibrated as follows. 

A strip of 17S-T aluminum alloy slieet with a free 
length of 19 inches and a cross section of 2—1/2 by l/S 
inch was mounted in a t en s i on- t e s t ing machine of 20,000 
pound^^ capac i t y . The axial and transverse strains in the 
free length under loads from 900 to 7500 rjounds v/ere meas- 
ured with Tuckerman strain gages. The variation of strain 
across and along the area used for the calibration was found 
to be of the order of the observational errors. 

The adaptor was mounted on the strip as shown in the 
photograph, figure 3, and the sketch, figure 9. The v/eight 
of the adaptor was carried by the rubber bands A through the 
string B which was attached to the upper head of the m.achine. 
The adaptor v;as held against the strip v/ith a vacuum cup and 
rubber bands passing through the center tube. Holdinr^ the 
adaptor against the specimen in this manner permits the cen- 
ter of the platform 0> figure 2, to move freely in its 
plane, parallel to the pla.'ne determined by the points. The 
hold-down force was kept between 2 and 3 pounds in order to 
securely mount the adaptor- v/lthout excessive edgewise load 
on the flexure plates* During the mounting as v/ell as during 
the calibrations the load was never allov/ed to drop below 
900 pounds; this prevented slipping of the specimen in the 
griT)s and assured tha.t the strain corresponding to a given 
load remained the same throughout the tests. 

In the first run one leg (leg a) was placed vertical 
by making the line connecting gage points for the other 
legs perpendicular to the edge of the specimen; a card- 
board template was used to obtain accurate alinement. The 
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gages v;ere tied to the adaptor v/ith a light cord'(fig. 3) 
as a safety precaution. . ■ . . • 

The three 1— inch Tuckerman gages on the adaptor and 
one 2— inch Tuckerman gage placed vertically just below the 
adaptor v/ere then read simultaneously at loads increasing 
in small increments from 1000 to 7500 pounds. This range 
of .loads . corr esponded to a range of longitudinal strain of 
ahout 21 X 10-^. 

The readings- for the Tuckerman gages on the adaptor 
were multiplied "by 2 to obtain the displacements, a, P, Y, 
and these v/ere substituted in equation (3) in order to com- 
pute the strains in the direction a: 



--a '^'^y regarded as a calibration constant. An 
experimental value of ka was obtained by plotting 
a + (p +7)/4 against ea and drawing a straight line 

through the' points. Th'e slope of this line is then equal 
to ka* A typical plot is shown in figure 10. The pro- 
cedure was repeated with the second leg (leg b) of the 
adaptor in the vertical position, and finally with the^ third 
leg (leg c) vertical. This gave th.e calibration constants: 





0.706 




0.715 


kg = 


0.710 


k = 


0.710 



The value of k obtained from the nominal dimensions 
given in figures 5- to 7 was 

k = 0.702 

The difference of about 1 percent between this value of k 
and the experimental value is of the order expected from 
the machining tolerances. 
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ACCUHACY 



An estimate of the accuracy with vhich the adaptor 
indicates principal strains was obtained by comparing 
principal strains obtained with the adaptor with principal 
strains obtained from direct measurements v^ith Tuckmerman 
strain gages. 

Direct measurements of principal strains were obtained 
with Tuckerman strain gages mounted longitudinally and 
transversely on the strip shown in figure 3. The strains 
are plotted against load in figure 11. Straight lines 
were faired through the points in figure 11 by means of 
least s quar e s . 

The adaptor was then mounted on the strip in the 
five positions indicated in figure 12. Principal strains 
were computed from the readings for each position by com- 
puting e^, e-5, ec, from equations (3) and (4) with 



— = k r= 0.710 
3r 



which is the average experimental calibration factor and 
then substituting in the first two equations (2). 

^Figure 11 shows the difference between the principal 
strains measured with the adaptor and those corresponding 
to the straight lines in figure 11. Straight lines are 
faired through the points by least squares to indicate the 
magnitude of the systematic error in reading principal 
strains with the adaptor as compared to the random obser- 
vational error which is indicated by. the scatter of points 
about the straight lines. 

The slope of the solid lines faired through the points 
in figure 12 indicates that the systematic error in the 
determination of principal strain with the adaptor averages 
1.5 and that it does not exceed 4.0 percent. The mean 
scatter of points to either side of the line due to obser- 
vational error was of the order of jfO. 000006. The maxi- 
mum deviation between the principal strains measured by -the 
two methods was of the order of.O.OOOOS, 

^ An estimate for the accuracy with which the direction 
of the principal strains may be measured for the case of 
unidirectional stress was obtained by substituting- the 
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values of e^^, e^^, e^, de rived -from figure 12 in the last 
one of equations (2). The resulting angle between the load 
line and the maximum principal strains is given in figure 
13. The average deviation was 1^ and the maximum deviation 
4.5^. 



COj^TCLUSIONS 

The tests indicate that principal strains over a gage 
length of 1.4 2 inches may "be measured with the adaptor with 
a systematic error- not exceeding 4 i^ercent and a mean oo- 
servational error of the order of +0.000006. The maximum 
observed error in strain was of the order 'of 0.00008. The 
directions of principal strains for unidirectional stress 
v/ere measured with the adaptor with an average error of the 
order of 1°. 



national Bureau of Standards, 

Washington, D. C, February 20, 1943. 
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figure I. - 

Three gage //'nes {o,b,c) infersecf/n^ at O. 
O/rect/ons (u,\/) of pr/ric/joa/ ^traJns. 
CAs s/?owo a/bo\/e fhe ang/e O/s pos/fiVe) 




F/gure 2- 

Sefore strain, adaptor ts centered at O 
After stra/n, adaptor is centered at O' 
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Figs. 3,4 
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figure 10.- Typical plot for determination of k. 
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Fig. 11 




Figure 11.- Principal strains obtained with 
tv;o-inch Tuckerman strain gages. 
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Figure IZr^frai/ij from 2 in gages 
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